7-Methyltryptophan (7MT) or compounds which can be metabolized to 7MT, 3-methylanthranilic acid (3MA) and 7-methylindole, cause derepression of the trp operon through feedback inhibition of anthranilate synthetase. Tyrosine reverses 3MA or 7-methylindole derepression, apparently by increasing the amount of chorismic acid available to the tryptophan pathway. A mutant isolated on the basis of 3MA resistance (MAR 13) was found to excrete small amounts of chorismic acid and to have a feedback-resistant phenylalanine 3-deoxy-D-arabinoheptulosonic acid-7-phosphate (DAHP) synthetase. Genetic evidence indicates that the mutation conferring 3MA resistance and feedback resistance is very closely linked to aroG, the structural gene for the DAHP synthetase (phe). Since feedback inhibition of anthranilate synthetase by L-tryptophan (or 7MT) is competitive with chorismic acid, alterations in growth conditions (added tyrosine) or in a mutant (MAR 13) which increase the amount of chorismic acid available to the tryptophan pathway result in resistance to 7MT derepression. Owing to this competitive nature of tryptophan feedback inhibition of anthranilate synthetase by chorismic acid, the early pathway apparently serves to exert a regulatory influence on tryptophan biosynthesis. In Escherichia coli, the level of intermediates in aromatic biosynthesis is regulated by several different allosteric interactions. The end products of the pathway (principally phenylalanine, tyrosine, and tryptophan) inhibit three isoenzymatic forms of the first enzyme of the pathway, 3-deoxy-D-arabinoheptulosonic acid-7-phosphate (DAHP) synthetase, and further interact at the branch point with the enzymes metabolizing chorismic acid along the various specific biosynthetic routes (1, 5, 6, 9, 15, 19, 20) . Thus, alterations in the levels of the allosteric effectors and the activities of the allosteric enzymes would be expected to demonstrate the complex regulatory inter-relationships in the aromatic pathway.
In the preceding paper (11) , evidence was presented showing that compounds capable of being metabolized to 7-methyltryptophan (7MT), i.e., 3-methylanthranilic acid (3MA) and 7-methylindole, inhibit growth and cause derepression of the trp operon in wild-type strains of E. coli. In this report, we present evidence that analogue-induced derepression is antagonized by the inclusion of tyrosine in the growth medium of wild-type cells, and that mutants with a feedbackresistant DAHP synthetase (phe) are also refactory to this derepression. The most likely explanation for these observations is that both alterations increase the amount of chorismic acid available to the tryptophan pathway, thereby reversing the inhibitory effect of 7MT on anthranilate synthetase. Thus, the early pathway involving the production of chorismic acid apparently serves to exert a regulatory influence on tryptophan biosynthesis.
MATERIALS AND METHODS Organisms. All mutants described were derived from W1485 tna (a mutant lacking tryptophanase isolated in this laboratory) except aroG (a mutant lacking the phenylalanine-inhibitable DAHP synthetase), obtained from K. D. Brown Smith and Yanofsky (16) , and anthranilate synthetase was assayed as described in the preceding paper (11) .
DAHP synthetase was assayed according to the procedure of Doy and Brown (7) , except that the reaction mixture contained 10-3 M Co2+ (see below). After heating with thiobarbituric acid, the reaction tubes were cooled briefly and extracted with 4.0 ml of cyclohexanone to avoid the turbidity usually encountered in the assay. 
RESULTS
Since the analogue-induced trp operon derepression results from tryptophan limitation, it should be reversed by added tryptophan or precursors such as anthranilic acid and indole. Some mutants isolated on the basis of 3MA resistance did not derepress on medium containing 3MA or 7-methylindole (Table 4) and are unlinked by transduction to the tryptophan operon (11) . Preliminary studies of 3MA resistance in one of these mutants, MAR 13, indicated that the mutant accumulated small amounts of chorismic acid. From Table 5 it is apparent that a compound accumulated in MAR 13 supernatant fluid (but not in W1485 tna or trp E2FBR2-50) which could be converted to anthranilic acid with highly purified anthranilate synthetase. Formation of anthranilic acid from the compound which accumulated in MAR 13 supernatant fluid required the complete anthranilate synthetase reaction mixture, including both glutamine and MgC92. This compound is probably chorismic acid. Thus, it appeared that the mutational alteration conferring 3MA resistance in MAR 13 might affect regulation of the early pathway of aromatic biosynthesis.
DAHP synthetase is the first enzyme specific a Selection of "wild-type" recombinants was for growth in the presence of tyrosine and tryptophan, as aro G does not grow in the presence of these two amino acids (19) .
b The recombinants were purified by singlecolony isolation and grown in the presence of 0.2 ,mole of 3MA/ml. The whole-cell assay for tryptophan synthetase (12) was used to determine whether 3MA had caused derepression. (Table 2) .
Tyrosine and phenylalanine together are ineffective in reversing 3MA or 7-methylindole derepression. Also, W1485 tna grown in minimal medium supplemented with phenylalanine and tyrosine is slightly derepressed ( Table 2 ). This has been noted by other investigators (3), and has been attributed to an inhibition of the phenylalanine and tyrosine isoenzymatic DAHP synthetases. Presumably, the amount of DAHP formed by the tryptophan DAHP synthetase is insufficient to allow production of tryptophan at repressing levels. This conclusion is also supported by experiments which show that trpD2 accumulates much less anthranilic acid in the presence of phenylalanine and tyrosine than in minimal media with or without tyrosine. Thus, tyrosine and phenylalanine together do not reverse 3MA derepression because less chorismic acid is available for the tryptophan pathway.
Since tyrosine reversal of 3MA derepression appears to be related to increased amounts of chorismic acid, it should be possible to reverse 3MA derepression by supplying chorismic acid in the growth medium. However, chorismic acid' cannot be utilized for growth of aromatic auxotrophs blocked prior to chorismic acid synthesis (9) . Apparently, chorismic acid does not enter cells in sufficient quantities to allow growth of auxotrophs, and thus it was not possible to test the effects of chorismic acid on 3MA derepression directly. Shikimic acid, which can be utilized for growth by aromatic auxotrophs and can be converted to chorismic acid, however, does not reverse 3MA derepression. A possible explanation for this observation is that the chorismic acid formed from shikimic acid would be expected to be utilized for both tyrosine and phenylalanine biosynthesis as well as tryptophan biosynthesis. The concentration of shikimate used (or the rate at which it is metabolized) may not be high enough to raise the phenylalanine and tyrosine concentrations to levels which would cause repression of the phenylalanine and tyrosine pathways or significantly feedback-inhibit these pathways.
Although Ezekiel (8) has described a mutant similar to MAR 13 in E. coli B Luria. This mutant, selected for resistance to thienylalanine, had a normal amount of DAHP synthetase but, unlike MAR 13, about half the enzyme in crude extracts was inhibited by tyrosine, and the other half was insensitive to inhibition by phenylalanine. Although crude extracts of MAR 13 contain very low tryptophan-and tyrosine-inhibitable DAHP synthetase activity, there appeared to be a possibility that the mutation in MAR 13 resulted in a complete loss of DAHP synthetase (phe) and a concomitant increase in the amount of the other isoenzymes. Therefore, crude extracts of MAR 13 were chromatographed on DEAE-Sephadex. Previous reports (19, 20) have indicated that the DAHP synthetase isoenzymes could be separated by DEAE cellulose chromatography. Preliminary experiments in this laboratory with DEAE cellulose chromatography resulted in poor recoveries, so DEAE-Sephadex, which gave better recoveries and might be expected to give better separation, was used. However, separation of the DAHP isoenzymes by DEAE-Sephadex chromatography into definite peaks was not obtained. This may be due to the relatively low levels of the tyrosine and tryptophan isoenzymes present in crude extracts, or possibly to other factors. However, it is evident that the major peak of enzyme activity in W1485 tna is inhibited by phenylalanine, whereas in MAR 13 this peak is not inhibited by phenylalanine or by tyrosine and tryptophan.
Thus, it is unlikely that the mutation in MAR 13 results in increased amounts of the tyrosine or tryptophan DAHP synthetase; rather, it probably is due to an altered phenylalanine DAHP syn-207 VOL. 101, 1970 thetase which is not feedback-inhibited by phenylalanine. This conclusion is also supported by genetic evidence which indicates that the mutation conferring 3MA resistance and feedback resistance to the DAHP synthetase (phe) is closely linked to aroG.
Growth of wild-type cells in the presence of tyrosine or mutations to a feedback-resistant DAHP synthetase (phe) appear to increase the amount of chorismic acid available for tryptophan biosynthesis which alters the regulatory properties of the tryptophan operon. Thus, the competitive nature of tryptophan feedback inhibition of anthranilate synthetase by chorismic acid appears to be an important regulatory function which allows for increased tryptophan biosynthesis under conditions where more of the early intermediates are being produced.
